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Operat ing a 2,4-D sprayer this way causes extreme misting and endangers nearby susceptible crops. 
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T
H E  W I D E L Y  U S E D  H E R B I C I D E  2 , 4 - D l  ' w h e n  c a r e l e s s l y  a p ­
p l i e d  m a y  s e v e r e l y  i n j u r e  o r  k i l l  a  w i d e  v a r i e t y  o f  b r o a d l e a f  c r o p  
a n d  o r n a m e n t a l  p l a n t s . 2  T h e y  i n c l u d e  a m o n g  o t h e r s  s u c h  p l a n t s  a s  
t o m a t o e s ,  s n a p  b e a n s ,  s o y b e a n s ,  m e l o n s ,  g r a p e s ,  c o t t o n ,  r o s e s ,  c h r y s ­
a n t h e m u m s ,  r e d b u d  t r e e s ,  a n d  b i r c h  t r e e s .  S o m e  o f  t h e s e  p l a n t s  a r e  
m o r e  s u s c e p t i b l e  t o  i n j  u r ) '  f r o m  2 , 4 - D  t h a n  t h e  c o m m o n  b r o a d l e a f  
w e e d s .  
U s i n g  2 , 4 - D  o n  l a w n s  a n d  o t h e r  g r a s s y  a r e a s ,  i n  c o r n  a n d  g r a i n  
f i e l d s ,  a l o n g  f e n c e  r o w s ,  h i g h \ > v a y s ,  d r a i n a g e  d i t c h e s ,  r a i l r o a d s ,  a n d  
u n d e r  p o w e r  l i n e s  h a s  c a u s e d  w i d e s p r e a d  d a m a g e  t o  f i e l d s  a n d  g a r d e n s .  
M i s t  o r  v a p o r  f r o m  2 , 4 - D  h a s  d a m a g e d  s u s c e p t i b l e  p l a n t s  g r o w i n g  a  
h a l f  m i l e  o r  m o r e  f r o m  t h e  a r e a  a c t u a l l y  s p r a y e d .  M u c h  o f  t h e  d a m a g e  
f r o m  t h i s  v a l u a b l e  a g r i c u l t u r a l  c h e m i c a l  c a n  b e  a v o i d e d  i f  u s e r s  a r e  
a w a r e  o f  t h e  d a n g e r s  i n  i t s  a p p l i c a t i o n .  
T h e  p u r p o s e  o f  t h i s  c i r c u l a r  i s :  (  1 )  t o  d e s c r i b e  a n d  i l l u s t r a t e  t h e  
s y m p t o m s  o f  2 , 4 - D  i n j  u r y  o n  s o m e  o f  t h e  m o r e  c o m m o n  s u s c e p t i b l e  
c r o p s  a n d  o r n a m e n t a l  p l a n t s ;  ( 2 )  t o  c h a r a c t e r i z e  t h e  c o m m e r c i a l l y  
a v a i l a b l e  f o r m s  o f  2 , 4 - D ;  ( 3 )  t o  d i s c u s s  k i n d s  o f  e x p o s u r e  o f  c r o p s  t o  
2 , 4 - D ;  ( 4 )  t o  g i v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  f a c t o r s  t h a t  i n f l u e n c e  
t h e  d r i f t  o f  m i s t ;  a n d  ( 5 )  t o  s u g g e s t  w a y s  i n  w h i c h  2 , 4 - D  c a n  b e  u s e d  
t o  c o n t r o l  w e e d s  w i t h  t h e  l e a s t  c h a n c e  o f  i n j  u r y  t o  c r o p s  a n d  o r n a ­
m e n t a l  p l a n t s  i n  t h e  n e i g h b o r h o o d .  I n j u r y  r e s u l t i n g  f r o m  t h e  a p p l i c a ­
t i o n  o f  2 , 4 - D  b y  a i r p l a n e  o r  a s  a  d u s t  i s  n o t  d i s c u s s e d ,  s i n c e  i t  i s  u n ­
l i k e l y  t h a t  a n y o n e  i n  I l l i n o i s  w o u l d  a p p l y  t h i s  c h e m i c a l  b y  t h e s e  
e x t r e m e l y  h a z a r d o u s  m e t h o d s .  
S y m p t o m s  o f  2 , 4 - 0  I n j u r y  
G e n e r a l .  A l l  b r o a d l e a f  w e e d s  o r  c r o p  p l a n t s  s u s c e p t i b l e  t o  2 , 4 - D  
i n j u r y  r e s p o n d  i n  a b o u t  t h e  s a m e  w a y .  A s  a  g e n e r a l  r u l e ,  t h e  h i g h e r  
t h e  c o n c e n t r a t i o n  o f  2 , 4 - D  t o  w h i c h  t h e  p l a n t  i s  e x p o s e d ,  t h e  m o r e  
s e v e r e  t h e  d e g r e e  o f  d i s t o r t i o n  o r  o t h e r  d a m a g e  t o  t h e  v a r i o u s  p a r t s  o f  
t h e  p l a n t  a n d  t h e  g r e a t e r  t h e  c h a n c e  t h e  p l a n t  w i l l  b e  k i l l e d .  T h e  d e ­
v e l o p m e n t  o f  s y m p t o m s  a n d  d e a t h  o f  t h e  p l a n t  g e n e r a l l y  o c c u r  m o s t  
r a p i d l y  d u r i n g  w a r m ,  s u n n y  ' w e a t h e r  i n  t h e  e a r l y  p a r t  o f  t h e  s e a s o n  
w h e n  t h e  p l a n t  i s  g r o w i n g  t h e  f a s t e s t .  P l a n t s  a r e  l e a s t  l i k e l y  t o  b e  
1  T h e  h e r b i c i d e  c o m m o n l y  k n o w n  a s  2 , 4 - D  i s  2 , 4 - d i c h l o r o p h e n o x y a c e t i c  a c i d .  
2  T h e  h e r b i c i d e s  2 , 4 , 5 - T  a n d  M C P A  m a y  s e v e r e l y  i n j u r e  c r o p  p l a n t s  a n d  
c a u s e  s y m p t o m s  s i m i l a r  o r  i d e n t i c a l  t o  t h o s e  o f  2 , 4 - D  i n j u r y .  T h e  h e r b i ­
c i d e  c o m m o n l y  k n o w n  a s  2 , 4 , 5 - T  i s  2 , 4 , 5 - t r i c h l o r o p h e n o x y a c e t i c  a c i d  a n d  t h a t  
k n o w n  a s  M C P A  i s  2 - m e t h y l - 4 - c h l o r o p h e n o x y a c e t i c  a c i d .  
2  
(Left) tomato plant sprayed directly with 2,4-D at a concentration used for 
weed control. The plant shows the beginning symptoms of injury as they 
appeared 24 hours a fter it was sprayed. (Right) upper part of a tomato 
plant a s it looked several days after it was exposed to 2,4-D mist. The wavy 
margins and drawn out tips of t he leaflets are typical symptoms of 2,4-D 
injury. (Fig. 1) 
susceptible to injury when growing in soil that is relatively dry or low 
in fertility. 
If 2,4-D is sprayed directly on a susceptible plant at a concentration 
used for weed control, the first symptoms may appear within 3 to 4 
hours. Drooping (epinasty) and wilting of the uppermost leaves is one 
of the first symptoms in most herbaceous plants ( Fig. 1) . The upper 
part of the stem in herbaceous plants (Fig. 8, page 9) and the tip 
growth in woody plants gradually become twisted and curled. All 
shoot and root growth stops. The stem and tap root may spli t open 
near the soil line. The plant usually dies within 2 or 3 weeks. 
If 2,4-D contacts the plant only in the form of an air-d iluted, fine 
mist, or as a vapor, symptoms develop less rapidly and the initial effect 
on the plant may be less severe. Beginning symptoms may not be 
noticeable until they appear on new, expanding leaves a week or more 
after exposure. Leaves or leaflets have wavy or fri lled margins and 
begin to look like folding fans; the tips become drawn out to a fine 
point (Fig. 1). Inward cupping or curling of the leaves is a common 
symptom in plants such as grapes and redbud trees. The veins become 
more prominent than usual and often appear to be almost parallel to 
each other (Fig. 2). Dropping of the flowers after exposure is com­
mon in some plants. Jew shoots that develop after exposure are likely 
to be spindly with the parts of the stems between leaves longer than 
normal ( Fig. 3). 
Symptoms of 2,4-D injury may continue to appear in the leaves and 
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T h e  t h r e e  r e d b u d  l e a v e s  o n  t h e  r i g h t  h a v e  b e e n  i n j u r e d  i n  v a r y i n g  d e g r e e s  
b y  2 , 4 - D  m i s t .  N o t e  t h e  f r i l l e d  m a r g i n s ,  c u p p i n g ,  n e a r l y  p a r a l l e l  v e i n s ,  a n d  
e l o n g a t e d  t i p s  o f  t h e  l e a v e s .  T h e  l e a f  o n  t h e  l e f t  i s  n o r m a l .  ( F i g .  2 )  
t h i s  p e r i o d ,  n o r m a l  l e a v e s  a n d  s h o o t s  w i l l  d e v e l o p  ( F i g .  4 )  u n l e s s  t h e  
p l a n t  h a s  b e e n  e x p o s e d  a g a i n  l a t e r .  T h u s ,  n e w  a n d  n o n a f f e c t e d  g r o w t h  
o f  t h e  t o p  o f  p l a n t s  s u c h  a s  t o m a t o e s  w i l l  o f t e n  c o v e r  u p  s y m p t o m s  
o f  p r e v i o u s  i n j u r y  o n  t h e  o l d e r ,  l o w e r  l e a v e s .  
A  d e l a y  o f  s e v e r a l  w e e k s  o r  e v e n  m o n t h s  i n  t h e  a p p e a r a n c e  o f  
s y m p t o m s  o f  i n j u r y  i s  n o t  u n c o m m o n  i n  w o o d y  p l a n t s  i f  e x p o s u r e  
o c c u r s  a t  o r  n e a r  t h e  e n d  o f  t h e  g r o w i n g  s e a s o n .  A t  t h e  N  e w  Y o r k  
( C o r n e l l )  A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  i t  w a s  f o u n d  t h a t  i f  c e r ­
t a i n  w o o d y  p l a n t s  s u c h  a s  T a r t a r i a n  h o n e y s u c k l e  a n d  l i l a c  w e r e  s p r a y e d  
w i t h  2 , 4 - D  i n  t h e  f a l l ,  s y m p t o m s  o f  i n j u r y  d i d  n o t  a p p e a r  u n t i l  t h e  
f o l l o w i n g  s p r i n g .  T h e  o u t s t a n d i n g  s y m p t o m s  w e r e  d e l a y e d  b u d  b r e a k ,  
p r o m i n e n t  l e a f  v e i n s ,  d i s t o r t i o n  a n d  t h i c k e n i n g  o f  t h e  l e a f  b l a d e s ,  a n d  
a  t e n d e n c y  t o w a r d  b u n c h i n g  o f  t h e  t e r m i n a l  g r o w t h .  
I f  2 , 4 - D  i s  s p r a y e d  o n  t h e  s o i l  n e a r  p l a n t s ,  i t  m a y  b e  a b s o r b e d  
T h e  t w o  g r a p e  b r a n c h e s  a t  t h e  l e f t  a n d  t h e  c e n t e r  l e a f  h a v e  b e e n  i n j u r e d  b y  
2 , 4 - D  m i s t .  T h e  b r a n c h  a t  t h e  r i g h t  i s  h e a l t h y .  ( F i g .  3 )  
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This redbud branch shows the effects of 2,4-D injury. Beginning with 
the bottom leaf at r ight and continuing upward and across through 
the 10th leaf, a ll leaves show injury, the first 6 showing increasingly 
severe injury. From the 7th through the 10th leaf, leaves have begun 
to recover. The 10th leaf shows only slight injury. The remaining 
leaves are normal. (Fig. 4) 
through the roots, transported to the top of the plant and cause severe 
injury to the foliage. Symptoms may not appear until several weeks 
after application. 
Tomatoes. If a plant has been exposed to relatively low concentra­
tions of 2,4-D, the flowers may drop off so that fruit set is poor. The 
fruit may become heart-shaped and tend to ripen when small, or if 
the plant is sprayed directly with 2,4-D, the fruit may crack open or 
become severely deformed (Fig. 5). Clumps of thick, aerial roots 
may develop on the underside of stems or branches near the ground. 
Symptoms similar to those brought about by 2,4-D may be caused 
by environmental factors, infectious diseases, and chemicals other than 
herbicides. When fruit-setting compounds l are sprayed on the foliage, 
1 Chemicals such as para-chlorophenoxyacetic acid and beta-naphthoxy­
acetic acid are sometimes sp rayed on individual flower clusters to induce 
fruit set under unfavorable environmental conditions or to produce so-called 
"see<.lles " fruit. 
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T h e  c r a c k s  i n  t h e s e  
t o m a t o e s  a r e  t h e  r e ­
s u l t  o f  i n j u r y  b  y  
d i r e c t  s p r a y i n g  w i t h  
2 , 4 - D .  T h e  t h r e e  
h e a r t - s h a p e d  f r u i t  a t  
t h e  t o p  d e v e l o p e d  o n  
p l a n t s  i n j u r e d  b y  
2 , 4 - D  m i s t .  C o u r t e s y  
o f  N  .  F .  O e b k e r .  
( F i g .  5 )  
t h e y  m a y  p r o d u c e  s y m p t o m s  o f  i n j u r y  t h a t  a r e  i n d i s t i n g u i s h a b l e  f r o m  
t h o s e  c a u s e d  b y  2 , 4 - D .  T o o  l i t t l e  o r  t o o  m u c h  n i t r o g e n  i n  t h e  s o i l ,  
a v e r a g e  n i g h t  t e m p e r a t u r e s  b e l o w  5 5  °  F .  o r  a b o v e  7 0 ° ,  o r  a v e r a g e  d a y  
t e m p e r a t u r e s  a b o v e  9 0 °  m a y  c a u s e  t o m a t o  f l o w e r s  t o  d r o p .  D i s e a s e s  
s u c h  a s  e a r l y  b l i g h t ,  S e p t o r i a  l e a f  s p o t  a n d  b a c t e r i a l  l e a f  s p o t  t h a t  
c a u s e  l e s i o n s  o n  t h e  f l o w e r  s t a l k s  m a y  b r i n g  a b o u t  R o w e r  d r o p  a n d  
p o o r  f r u i t  s e t .  
S y m p t o m s  o f  2 , 4 - D  i n j u r y  m a y  b e  c o n f u s e d  w i t h  t h o s e  o f  c u c u m b e r  
m o s a i c  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  c o m m o n  t o b a c c o  m o s a i c .  T h e s e  
v i r u s  d i s e a s e s  m a y  r e s u l t  i n  s e v e r e  l e a f  d i s t o r t i o n  i n  t o m a t o e s  
w i t h  t h e  l e a f l e t s  c o n s i s t i n g  o f  l i t t l e  m o r e  t h a n  t h e  m i d r i b  s o  t h a t  t h e y  
h a v e  a  " s h o e s t r i n g "  e f f e c t .  S o m e  v e i n - c l e a r i n g  i n  t h e  l e a R e t s  m a y  a l s o  
o c c u r .  I n  c o m b i n e d  v i r u s  i n f e c t i o n s ,  t h e  f r u i t  m a y  b e  d e e p l y  r i d g e d  
w i t h  a  p r o t u b e r a n c e  ( k n o t  o r  b u m p )  a t  t h e  b l o s s o m  e n d .  I n  t h e  b e g i n ­
n i n g  s t a g e s  o f  i n f e c t i o n ,  h o w e v e r ,  t h e  l e a f l e t s  g e n e r a l l y  s h o w  a  l i g h t  
a n d  d a r k  g r e e n  m o t t l i n g  ( o r  m o s a i c )  a n d  t h e  p l a n t s  a r e  d w a r f e d  a n d  
y e l l o w  w i t h  s h o r t e n e d  s t a l k s  b e t w e e n  l e a v e s .  T h e  l e a f l e t s  a r e  n o t  f a n ­
s h a p e d  a n d  t h e r e  i s  n o  t e n d e n c y  f o r  t h e  v e i n s  t o  b e  p a r a l l e l  t o  e a c h  
o t h e r  a s  i n  2 , 4 - D  i n j u r y .  U s u a l l y  l e s s  t h a n  5  p e r c e n t  o f  t h e  p l a n t s  i n  
a n  o u t d o o r  p l a n t i n g  e x h i b i t  s y m p t o m s  o f  c u c u m b e r  m o s a i c ,  w h i l e  
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practically all the plants in an area affected by 2,4-D will show some 
degree of leaf distortion. 
Grapes. These plants, both cultivated and wild, are perhaps the 
most sensitive of all plants to 2,4-D. For this reason, grapevines are 
often useful as an indicator of whether 2,4-D has contaminated a farm 
or garden. Common symptoms include leaf dwarfing and curling, 
development of fan-shaped leaves, and a tendency toward the develop­
ment of small finger-like projections from the leaf margin (Fig. 3). 
Older leaves may become limp, crinkled, and twisted with wider, 
yellower, and more prominent veins than usual. The texture of the 
tissue between the veins may be somewhat rough and pebbly. Ex­
posure to 2,4-D during the closed bud and flower stages causes severe 
injury by preventing fruit set and development. Since grapes are 
perennials, the effect of severe 2,4-D inj ury may be carried over from 
one year to the next. 
Fan leaf,I a soil-borne virus disease of grapes transmitted by at 
least one species of nematode, has leaf symptoms with some resem­
blance to those induced by 2,4-D. The fan-leaf symptoms, however, 
appear only in leaves at the base of the canes or in those formed in the 
early season growth, while the symptoms of 2,4-D injury may affect 
young leaves at any position on the cane depending on the time of ex­
posure. Young leaves on plants infected by the fan-leaf vi rus may have 
light and dark green mottling or mosaic. Internodes are usually shorter 
than normal and the entire vine is dwarfed. In the beginning stages 
of infection, the distribution of fan leaf in a vineyard is likely to be 
irregular, but the pattern of 2,4-D injury will be more or less uniform. 
Snap beans and soybeans. Symptoms of 2,4-D injury on beans 
include wilting and distortion of the leaves (Figs. 6 and 7), curvature 
of the stem, Dower drop, and the development of side branches at the 
junction of stem and leaves. A puckering of the young leaflets some­
times occurs. In soybeans, curvature of the stem and failure to set 
pods as a result of exposure in midseason are most apparent after the 
plants have matured and lost their leaves. Poor pod set, however, may 
be brought about by unfavorable weather and curvature of the stern 
may result from lodging following wind and rainstorms. 
Injury to beans from 2,4-D may be confused with symptoms of 
one or more of the common virus diseases. Soybean mosaic may cause 
leaf distortion and a puckering of the tissues over the entire leaflet, 
or in some varieties, only along the midrib. Mosaic-affected leaves 
1 Fan leaf has not been reported from Illino is although it is a destruc­
tive di sease in California vineyards. 
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T h e  s t o r a g (  
I n  t h e  p l a n  
a n d  d i n i n g ­
w a l l  b e t w e (  
t a k e s  u p  v e  
\(ITC~ 
D r a w i n g s  i n  
U r b a n o ,  I l l i n o i s  
C o o p e r a t i v e  E x t e n s i o n  
D e p o r t m e n t  o f  A g r i c u l  
( T o p  l e f t )  h e a l t h y  H a r o s o y  s o y b e a n  l e a f .  R e m a i n i n g  l e a v e s  s h o w  
v a r y i n g  d e g r e e s  o f  d i s t o r t i o n  a s  a  r e s u l t  o f  i n j u r y  b y  2 , 4 - D  m i s t .  
( F i g .  6 )  
g e n e r a l l y  s h o w  a  l i g h t  a n d  d a r k  g r e e n  m o t t l i n g .  I n  v a r i e t i e s  o f  s o y ­
b e a n s  g r o w n  f o r  o i l ,  l e a f  d i s t o r t i o n  f r o m  m o s i a c  t e n d s  t o  d i s a p p e a r  i n  
m i d s u m m e r ,  b u t  p e r s i s t s  i n  t h e  v e g e t a b l e  v a r i e t i e s .  O t h e r  s y m p t o m s  
o f  m o s a i c  d i s e a s e s  a r e  y e l l o w i n g  a n d  d o w n w a r d  c u r l i n g  o f  t h e  l e a f  
m a r g i n s  a n d  s t u n t i n g  o f  t h e  e n t i r e  p l a n t .  P o d s  m a y  b e  s m a l l e r  a n d  
f l a t t e r  t h a n  u s u a l  a n d  y i e l d s  r e d u c e d .  
I n  s n a p  b e a n s ,  m o s a i c  d i s e a s e s  c a u s e  d i s t o r t i o n  a n d  d o w n w a r d  
c u p p i n g  o f  t h e  l e a v e s ,  a s  w e l l  a s  l i g h t  a n d  d a r k  g r e e n  m o t t l i n g .  T h e  
l e a f l e t s  m a y  b e  l o n g e r  a n d  n a r r o w e r  t h a n  u s u a l .  T h e  t o p  o f  t h e  p l a n t  
m a y  c u r v e  d o w n w a r d .  P l a n t s  a r e  o f t e n  d w a r f e d ,  y e l l o w ,  a n d  f a i l  t o  
s e t  p o d s .  I n  p l a n t s  a f f e c t e d  b y  t h e  m o s a i c  d i s e a s e s ,  t h e  t e n d e n c y  o f  t h e  
l e a f l e t s  t o  b e  f a n - s h a p e d  a n d  t h e  v e i n s  t o  b e  p a r a l l e l  a s  i n  2 , 4 - D  i n j u r y  
i s  l e s s  p r o n o u n c e d  o r  e n t i r e l y  l a c k i n g .  
I n  s o y b e a n s  t h e  p a t t e r n  o f  2 , 4 - D  i n j u r y  w i l l  b e  m o r e  o r  l e s s  u n i ­
f o r m  i n  t h e  b o r d e r  o f  t h e  f i e l d  o r  t h r o u g h o u t  a n y  c o n t a m i n a t e d  a r e a .  
B u t  t h e  p a t t e r n  o f  m o s a i c  d i s e a s e  w i l l  b e  i r r e g u l a r  s i n c e  i t  i s  u n c o m ­
8  
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(Left) healthy snap bean leaf. Center leaf shows moderate injury by 2,4-D 
mist and leaf at right severe injury. (Fig. 7) 
mon for more than 1 percent of the plants to show symptoms. In snap 
beans where a high percentage of the plants may be affected with com­
mon mosaic, any dependence on the pattern of distribution of the 
disease is likely to be misleading. Under these circumstances, finding 
fan-shaped leaves with veins tending to be parallel to each other and 
the absence of green or ye110w mottling suggests 2,4-D injury. 
Peony s tem and leaves se­
verely distorted as a result 
of exposure to 2,4-D mist. 
Courtesy Illinois State 
Natural History Survey. 
(Fig. 8) 
CIRCULAR 812 
COLLEGE OF AGRICULTURE 
E AND HOME ECONOMICS 
1 8  
S u g g e s t e d  A r r a n g e m e n t s  

S u i t a b l e  l o c a t i o n s  f o r  t h e  s t o r a g e  w a l l  i n  r e l a ­
t h e  m i n i m u m  s p a c e  b e t w e e n  t h e  k i t c h e n  s i d e  o f  t h e  
t i o n  t o  t h e  k i t c h e n - d i n i n g  a r e a s  a r e  s h o w n  i n  t h e  
u n i t  a n d  t h e  b a s e  c a b i n e t s  a n d  a p p l i a n c e s  o p p o ­
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T h e  s t o r a g e  
I n  t h e  p l a n  
a n d  d i n i n g ­
w a l l  b e t w e e  
t a k e s  u p  v e  
\ (  I  T  C~ 
D r a w i n g s  i n  
U r b a n a ,  I l l i n o i s  
C o o p e r a t i v e  E x t e n s i o n  W o  
D e p a r t m e n t  o f  A g r i c u l t  
T y p e s  o f  2 , 4 - 0  i n  C o m m o n  U s e  
T h e  t y p e s  o f  2 , 4 - D  c o m m o n l y  u s e d  c a n  b e  c l a s s i f i e d  a s  e s t e r s  a n d  
s a l t s .  T h e  m o s t  w i d e l y  u s e d  s a l t s  a r e  t h e  a m i n e s .  T h e  2 , 4 - D  e s t e r s  
a r e  o f  t w o  k i n d s  - h i g h - v o l a t i l e  o r  l o w - v o l a t i l e .  
H i g h - v o l a t i l e  e s t e r s  w h e n  s p r a y e d  o n  v e g e t a t i o n  m a y  g i v e  o f f  p l a n t ­
t o x i c  v a p o r s  f o r  a s  l o n g  a s  3  d a y s  a f t e r  t h e y  a r e  a p p l i e d .  T h e s e  e s t e r s  
i n c l u d e  t h e  m e t h y l ,  e t h y l ,  p r o p y l ,  b u t y l ,  a m y l ,  a n d  p e n t y l  s e r i e s .  O n e  
o f  t h e s e  m i g h t  b e  i d e n t i f i e d  o n  t h e  c o n t a i n e r  l a b e l  u n d e r  " a c t i v e  i n g r e d i ­
e n t s "  a s  " B u t y l  e s t e r  o f  2 , 4 - d i c h l o r o p h e n o x y a c e t i c  a c i d . "  
L o w - v o l a t i l e  e s t e r s  a r e  l e s s  l i k e l y  t o  g i v e  o f f  p l a n t - t o x i c  v a p o r s  t h a n  
t h e  h i g h - v o l a t i l e  e s t e r s .  C e r t a i n  o f  t ] l e s e  f o r m s ,  h o w e v e r ,  m a y  v o l a t i l i z e  
a n d  p r o d u c e  v a p o r s  a t  t e m p e r a t u r e s  a b o v e  9 0 °  F .  T h e  l o w - v o l a t i l e  
e s t e r s  i n c l u d e  b u t o x y e t h y l ,  p o l y p r o p y l e n e  g l y c o l ,  t e t r a h y d r o f u r f u r y l ,  
e t h y l e n e  g l y c o l  b u t y l ,  p r o p y l e n e  g l y c o l  b u t y l ,  p o l y e t h y l e n e  g l y c o l ,  
b u t o x y  p o l y p r o p y l e n e  g l y c o l ,  b u t o x y  e t h o x y  p r o p y l ,  p o l y p r o p y l e n e  
g l y c o l  b u t y l ,  a n d  i s o - o c t y l  s e r i e s .  A  l i s t i n g  o f  o n e  o f  t h e s e  o n  t h e  c o n ­
t a i n e r  l a b e l  u n d e r  " a c t i v e  i n g r e d i e n t s "  m i g h t  b e  " 2 , 4 - d i c h l o r o p h e n o x y ­
a c e t i c  a c i d ,  p r o p y l e n e  g l y c o l  b u t y l  e s t e r . "  T h e  l a b e l  a l s o  g e n e r a l l y  
s p e c i f i e s  " l o w  v o l a t i l e , "  " l o w  v o l a t i l i t y , "  o r  " L V . "  
A m i n e s  o f  2 , 4 - D  a r e  t h e o r e t i c a l l y  n o t  v o l a t i l e  a n d  s h o u l d  n o t  g i v e  
o f f  p l a n t - t o x i c  v a p o r s .  T h e  a m i n e s  i n c l u d e  t h e  d i m e t h y l ,  e t h a n o l ,  
d i e t h a n o l ,  t r i e t h a n o l ,  i s o p r o p a n o l ,  a n d  d i m e t h y l  d i e t h y l  s e r i e s .  A  l i s t i n g  
o f  o n e  o r  m o r e  o f  t h e s e  o n  t h e  c o n t a i n e r  l a b e l  u n d e r  " a c t i v e  i n g r e d i e n t s "  
m i g h t  b e  " A l k a n o l a m i n e  s a l t s  o f  t h e  e t h a n o l  a n d  i s o p r o p a n o l  s e r i e s  o f  
2 , 4 - d i c h l o r o p h e n o x y a c e t i c  a c i d . "  
T h e  a c t u a l  c o n c e n t r a t i o n  o f  a c t i v e  i n g r e d i e n t s  i n  b o t h  e s t e r s  a n d  
a m i n e s  i s  e x p r e s s e d  i n  t e r m s  o f  p e r c e n t a g e  o f  2 , 4 - D  a c i d  o r  i n  p o u n d s  
o f  2 , 4 - D  a c i d  p e r  g a l l o n .  
K i n d s  o f  E x p o s u r e  
P l a n t s  m a y  b e  i n j u r e d  o r  k i l l e d  i f  t h e y  a r e  s p r a y e d  d i r e c t l y  w i t h  
2 , 4 - D  o r  i f  e x p o s e d  t o  i t s  m i s t  o r  v a p o r .  I n j u r y  m a y  a l s o  b e  c a u s e d  b y  
t h e  p e r c o l a t i o n  o f  2 , 4 - D  t h r o u g h  t h e  s o i l  t o  t h e  r o o t s  o f  t h e  p l a n t s .  
E x p o s u r e  o f  p l a n t s  t o  d i r e c t  s p r a y i n g  r e s u l t s  w h e n  t h e  o p e r a t o r  o f  
t h e  s p r a y e r ,  i n  s p r a y i n g  r o a d s i d e  o r  f e n c e  r o w s ,  o v e r s h o o t s  t h e  w e e d s  
w i t h  a  s p r a y  b o o m  o r  h a n d  g u n  a n d  h i t s  a d j a c e n t  c r o p s .  T h e  s p r a y  o f  
a n y  f o r m  o f  2 , 4 - D  i s  a l m o s t  s u r e  t o  k i l l  m o s t  b r o a d l e a f  c r o p  p l a n t s .  
E x p o s u r e  o f  p l a n t s  t o  m i s t  m a y  r e s u l t  f r o m  p r a c t i c a l l y  a l l  k i n d s  o f  
s p r a y i n g  w i t h  2 , 4 - D ,  b u t  p a r t i c u l a r l y  w h e r e  t h e  s p r a y e r  i s  n o t  c o r r e c t l y  
o p e r a t e d .  I n j u r y  f r o m  m i s t  h a s  b e e n  w i d e s p r e a d  i n  I l l i n o i s .  M u c h  
o f  t h i s  d a m a g e  h a s  o r i g i n a t e d  f r o m  c o r n f i e l d  s p r a y i n g .  S e v e r e  i n j u r y  
1 0  
or death may be caused by only a few, tiny droplets falling on each 
plant. 
Exposure of plants to vapor may occur in the vicinity of lawns, 
parks, cemeteries, and other grass areas sprayed with high-volatile 
esters. Trees, shrubs, flowe rs, and garden vegetables may be injured 
in this fashion. The distance that vapor will travel and be injurious 
is not known with certainty since it is impossible to distinguish mist 
injury from vapor injury. It is presumed that under near-calm condi ­
tions the distance may be several hundred feet. 
Exposure through the soil and subsequent absorption of 2,4-D 
through the roots may follow if excessive amounts of the chemical 
are sprayed on the soil close to trees and shrubs. Damage may also 
be caused by spraying the weed killer on slopes that permit it to be 
carried to the base of the plants by surface water. 
What Affects Injury From Mist 
The extent and severity of injury to susceptible plants from drifting 
2,4-D mist l is influenced for the most part by: ( 1) the way the sprayer 
is adj usted and operated; (2 ) the concentration of the chemical in the 
ai r; and (3) the length 0 f exposure. 
The way the sprayer is adjusted and operated wi ll determine the 
degree to which the spray will be broken up into fine droplets or mist. 
All spray equipment now employed for applying 2,4-D in water dis­
charge a spray pattern containing both large and small droplets. The 
smaller the droplets, the longer they will be suspended in the air and 
the greater the chance of their dri fting away from the sprayed area 
onto susceptible crops. It has been calculated that spray droplets 1/ 1000 
inch in diameter if released from a height of only 10 fee t above ground 
in a 3 mile per 11 0ur \vind may be carried as fa r as 1 mile before set­
tling to the grounc1 . 
Even a relatively small difference in the size of the droplets has a 
great effect on the distance of drift. At a typical application rate of 
10 gallons of liquid per acre, a spray made up entirely of droplets 
1/ 1000 inch in diameter would deposit 700,000 drops per square inch. 
If all droplets were 4 times larger or 4/ 1000 inch in diameter, the 
deposit would be 11 ,500 drops per square inch. This is st ill far more 
than would be needed fo r good weed control. These droplets 4/ 1000 
inch in diameter, however, would drift only 50 feet under the same 
conditions in which the 1/ 1000-inch droplets could drift up to 1 mile. 
] The sam e fact o rs that influ ence the ho rizontal and vertical movement 
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U r b a n o ,  I l l i n o i s  
C o o p e r a t i v e  E x t e n s i o n  W o  
D e p o r t m e n t  o f  A g r i c u l t  
S p r a y i n g  p r e s s u r e  a n d  n o z z l e  t y p e  a n d  s i z e  w i l l  a l l  d i r e c t l y  a f f e c t  
t h e  p r o p o r t i o n  o f  f i n e  d r o p l e t s  o r  t h e  a m o u n t  o f  m i s t  i n  t h e  s p r a y  
c l o u d  o r  p a t t e r n .  T h e  l o w e r  t h e  p r e s s u r e ,  t h e  l a r g e r  t h e  a v e r a g e  s i z e  
o f  t h e  d r o p l e t .  W i t h  a  t y p i c a l  f l a t - f a n  n o z z l e ,  a  d e c r e a s e  i n  p r e s s u r e  
f r o m  6 0  t o  2 0  p o u n d s  p e r  s q u a r e  i n c h  c a n  d o u b l e  t h e  s i z e  o f  t h e  a v e r a g e  
d r o p l e t .  I t  c a n  a l s o  d e c r e a s e  b y  4  o r  5  t i m e s  t h e  n u m b e r  o f  f i n e  d r o p ­
l e t s  c a p a b l e  o f  d r i f t i n g  g r e a t  d i s t a n c e s .  
N o z z l e  d e s i g n  i n f l u e n c e s  t h e  d e g r e e  o f  m i s t i n g .  T h e  f l o o d i n g  t y p e s  
( F i g .  9 )  o f  f l a t - f a n  n o z z l e s  e m i t  a  s p r a y  m a d e  u p  o f  d r o p l e t s  a b o u t  
S O  p e r c e n t  l a r g e r  i n  a v e r a g e  d i a m e t e r  t h a n  t h e  c o n v e n t i o n a l ,  f l a t - f a n  
t y p e s .  T h e  c o n v e n t i o n a l  f l a t - f a n  n o z z l e s  ( F i g .  1 0 )  i n  t u r n  p r o d u c e  a  
s p r a y  p a t t e r n  c o m p o s e d  o f  l a r g e r  d r o p l e t s  t h a n  t h a t  p r o d u c e d  b y  t h e  
h o l l o w - c o n e  ( F i g .  1 0 )  o r  f u l l - c o n e  n o z z l e s .  A l l  f l a t - f a n  t y p e s  g i v e  
s a t i s f a c t o r y  c o v e r a g e  o f  b r o a d l e a f  w e e d s .  
N o z z l e - o r i f i c e  s i z e  a l s o  a f f e c t s  t h e  s i z e  o f  t h e  d r o p l e t s .  T h e  s m a l l e r  
t h e  n o z z l e  o r i f i c e  o f  t h e  s a m e  d e s i g n ,  t h e  f i n e r  t h e  d r o p l e t s .  L a r g e r  
n o z z l e  o r i f i c e s  c a n  b e  u s e d  f o r  a n y  m e t h o d  o f  a p p l i c a t i o n  b y :  ( 1 )  w i d -
F l o o d i n g  t y p e  
f l a t - f a n  n o z z l e .  
( L e f t )  s i d e  v i e w .  
( R i g h t )  f r o n t  v i e w .  
( F i g .  9 )  
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ening the nozzle spacing on the boom; (2) increasing the amount of 
liquid applied per acre; (3) increasing the ground speed; and (4) de­
creasing the pressure. 
Concentration of the chemical in the air will be governed by the 
amount of actual 2,4-D applied per acre, the degree to which the spray 
is broken up into fine droplets, and the movement of air. For example, 
Yz pound of 2,4-D acid applied in 10 gallons of water to the acre will 
produce a mist twice as concentrated as ;4 pound applied in 10 gallons 
of water per acre. 
Length of exposure is regulated to a great extent by the size of the 
area sprayed, wind direction and velocity, and air temperature. For 
instance, spraying a 50-acre cornfield with Yz pound of 2,4-D acid to 
the acre will potentially expose a neighboring tomato field to the mist 
for a longer time than spraying a 2S-acre field at the same dosage. The 
effect the direction of ground wind has in carrying mist toward or 
away from susceptible crops in the vicinity is obvious. If the velocity 
is high enough to carry the mist away from these crops, the chance 
of damage will be decreased. 
Temperature is known to influence the vertical movement and 
diffusion of mist just as it does smoke. In this connection, however, 
the rate of temperature increase or decrease from ground level to a 
height of 50 feet or more may be of greater importance than tempera­
ture at ground level alone. Actually, there is no way to predict the 
effect of air temperature on the movement of mist. In California, the 
smoke from smoke bombs or burning rubber tires has been used to 
determine the vertical and horizontal movement of air currents before 
spraying with 2,4-D by airplane. In this way the danger of mist drift­
ing to susceptible crops has been lessened. 
How to Prevent Injury 
Do not use the high-volatile esters of 2,4-D and 2,4,5-T unless you 
thoroughly understand the dangers of using them and are willing to 
take the necessary precautions. Do not use any form of these herbi­
cides, including the high-volatile and low-volatile esters, the amines, 
and other salts 'within Yz mile of sensitive crops such as tomatoes and 
grapes. Do not be lulled into a feeling of complacency just because you 
have heard that the low-volatile esters and salt formulations are safe. 
These forms do not vaporize as readily as the high-volatile esters, but 
the droplets of spray can be carried just as far by the wind. 
Read the directions on the container label carefully. Pay special 
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s t o r a g e  w a l l ,  k e e p  thi~ 1 
T h e  s t o r a g e  
I n  t h e  p l a n  
a n d  d i n i n g ­
w a l l  b e t w e e  
t a k e s  u p  v e :  
\ (  I  T  C~ 
D r a w i n g s  i n  
U r b a n o ,  I l l i n o i s  
C o o p e r a t i v e  E x t e n s i o n  
D e p o r t m e n t  o f  A g r i c u l l  
U s e  a  r e a s o n a b l y  h i g h  g a l l o n a g e  o f  w a t e r  p e r  a c r e  a n d  a s  I o w a  
p r e s s u r e  a s  p o s s i b l e .  T h e  a m o u n t  o f  l i q u i d  s p r a y  a p p l i e d  i n  t h e  n e i g h ­
b o r h o o d  o f  s u s c e p t i b l e  c r o p s  s h o u l d  n e v e r  b e  l e s s  t h a n  1 0  g a l l o n s  p e r  
a c r e  a n d  p r e f e r a b l y  m o r e .  T w e n t y  p o u n d s  o f  p r e s s u r e  p e r  s q u a r e  
i n c h  w i t h  c o n v e n t i o n a l  f l a t - f a n  n o z z l e s  p r o d u c e s  l a r g e r  d r o p l e t s  t h a n  
4 0  p o u n d s  p e r  s q u a r e  i n c h  a n d  y e t  g i v e s  a d e q u a t e  c o v e r a g e  o f  b r o a d l e a f  
w e e d s .  
U s e  w i d e  n o z z l e  s p a c i n g s  a n d  k e e p  t h e  n o z z l e s  a s  c l o s e  t o  t h e  
g r o u n d  a s  p o s s i b l e .  Y o u  c a n  g e t  w i d e r  n o z z l e  s p a c i n g s  b y  u s i n g  w i d e ­
f a n - a n g l e  t y p e s  o f  n o z z l e s  a n d  r o t a t i n g  t h e  b o o m  o n  i t s  a x i s  s o  t h e  
n o z z l e s  s p r a y  b a c k  a n d  d o w n  o n t o  t h e  f o l i a g e  r a t h e r  t h a n  s t r a i g h t  
d o w n .  T h e  n o z z l e s  c a n  b e  p l a c e d  n e a r e r  t o  t h e  g r o u n d  i f  t h e y  a r e  t h e  
w i d e - f a n - a n g l e  t y p e .  U s e  o n l y  e n o u g h  o v e r l a p p i n g  o f  s p r a y  p a t t e r n s  
t o  g e t  a d e q u a t e  c o v e r a g e .  A v o i d  d o u b l e  o v e r l a p p i n g  b e c a u s e  b y  s o  
d o i n g  y o u  m u s t  i n c r e a s e  t h e  h e i g h t  o f  t h e  b o o m .  
U s e  a s  h i g h  a  g r o u n d  s p e e d  a s  i s  r e a s o n a b l e  a n d  s a f e .  U s i n g  a  
h i g h e r  g r o u n d  s p e e d ,  a  h i g h e r  g a l l o n a g e ,  l o w e r  p r e s s u r e ,  a n d  w i d e r  
n o z z l e  s p a c i n g s  w i l l  l e t  y o u  u s e  n o z z l e s  w i t h  l a r g e r  o r i f i c e s .  T h e  r e s u l t  
w i l l  b e  a  m u c h  c o a r s e r  d r o p l e t  o f  s p r a y  a n n  l e s s  n r i f t .  
U s e  t h e  f l o o d i n g  t y p e  o f  f l a t - f a n  s p r a y  n o z z l e s  i f  y o u  a r e  s p r a y i n g  
w e e d s  i n  t h e  v i c i n i t y  o f  s u s c e p t i b l e  c r o p s .  T h e y  g i v e  a d e q u a t e  c o v e r a g e  
o f  b r o a d l e a f  w e e d s  a t  p r e s s u r e s  a s  l o w  a s  1 0  p o u n d s  p e r  s q u a r e  i n c h .  
T h e  f l o o d i n g  t y p e  o f  n o z z l e  e m p l o y s  a  c i r c u l a r  o r i f i c e  s p r a y i n g  o n t o  
a  s l o p i n g  f l a t  s u r f a c e  t o  s p r e a d  t h e  s p r a y  ( F i g .  9 ) .  S u c h  a  n o z z l e  
.  p r o d u c e s  a  w i d e r  a n g l e  o f  s p r a y  m a d e  u p  o f  d r o p l e t s  t h e  a v e r a g e  
d i a m e t e r  o f  w h i c h  i s  a b o u t  5 0  p e r c e n t  l a r g e r  t h a n  t h a t  p r o d u c e d  b y  t h e  
f l a t - f a n  t y p e s  n o r m a l l y  u s e d .  T h e  f a n  a n g l e s  a n d  o u t p u t  o f  S p r a y i n g  
S y s t e m s  n o z z l e  t i p s  V a  K  1 ,  V a  K  1 . 5 ,  V a  K  2 ,  a n d  V a  K  3  ( o r  t h e i r  
e q u i v a l e n t s )  a r e  s a t i s f a c t o r y  f o r  a p p l y i n g  2 , 4 - D .  T h e y  c a n  v e r y  e a s i l y  
b e  u s e d  a t  s p a c i n g s  o f  4 0  i n c h e s ,  b u t  r e g u l a r  f l a t - f a n  n o z z l e s  u s u a l l y  
w o r k  b e s t  a t  s p a c i n g s  o f  a b o u t  2 0  i n c h e s .  
N e v e r  t r y  t o  i n c r e a s e  t h e  o u t p u t  o f  t h e  s p r a y e r  b y  r a i s i n g  t h e  
p r e s s u r e .  W h i l e  r a i s i n g  t h e  p r e s s u r e  w i l l  i n c r e a s e  t h e  o u t p u t  s l i g h t l y ,  
i t  w i l l  i n c r e a s e  t h e  n u m b e r  o f  f i n e  d r o p l e t s  m u c h  m o r e  r a p i d l y  t h a n  
i t  d o e s  t h e  o u t p u t  s o  t h e  t e n d e n c y  o f  t h e  s p r a y  t o  d r i f t  i s  m u c h  g r e a t e r .  
Y o u  c a n  g e t  a  h i g h e r  o u t p u t  a n d  p r o d u c e  l a r g e r  d r o p l e t s  b y  c h a n g i n g  
t h e  o r i f i c e  o f  t h e  n o z z l e  t o  a  l a r g e r  s i z e .  I n  t h i s  w a y ,  y o u  r e d u c e  t h e  
d a n g e r  o f  d r i f t .  
K e e p  o n e  s p r a y e r  s o l e l y  f o r  u s i n g  2 , 4 - D  a n d  2 , 4 , S - T .  R e m o v i n g  
a l l  t r a c e s  o f  t h e s e  c h e m i c a l s  f r o m  t h e  t a n k ,  p u m p ,  s u p p l y  l i n e s ,  a n d  
n o z z l e s  b y  w a s h i n g  a n d  r i n s i n g  i s  e x t r e m e l y  d i f f i c u l t .  
I f  y o u  a r e  s p r a y i n g  2 , 4 - D  o n  r o a d s i d e ,  d i t c h  b a n k s ,  a n d  u n d e r  
1 4  
power lines, survey the route carefully beforehand and locate suscepti­
ble crops. Use smoke trails to determine wind direction and plan your 
operations so that wind and air currents will not carry the mist in the 
general direction of these crops. Make sure your employees know 
they are using 2,4-D and that they know about its hazards. 
When you are using knapsack or power sprayers with a hand-held 
gun or boom on lawns or other grassy areas, use low pressure and 
direct the spray downward to make sure that a minimum of mist is 
discharged into the air. When you spray grass areas near or around 
trees and shrubs, use only enough 2,4-D to wet the leaves of the 
weeds lightly. Do not use 2,4-D on slopes immediately above valuable 
plants. 
When you buy insecticides and fungicides, insist that they be in 
factory-sealed containers. Do not accept them in used containers that 
may be contaminated with 2,4-D or 2,4,S-T. 
Granular formulations of 2,4-D are safer to use on lawns and other 
grass areas in the neighborhood of susceptible vegetable and orna­
mental plants than liquid sprays. The granules are less likely to 
volatilize than liquid forms. Granules are widely available either alone 
or mixed with fertilizer. 
The new, inverted-emulsion forms of 2,4-D and 2,4,S-T are avail­
able for weed and brush control. When they are properly mixed, the 
invert forms are much thicker than the conventional liquid sprays. 
Their consistency approaches that of mayonnaise. These materials do 
not break up into small particles while they are being applied but remain 
as large drops. Preliminary tests ind icate that the invert emulsions are 
not likely to be wind-borne. 
Ammate and Dybar are two chemicals that can be used for brush 
control. Both compounds will give adequate brush control and both 
are much safer to use in areas where sensitive plants are growing 
than 2,4-D or 2,4,S-T. Dybar is a pelleted herbicide and can be ap­
plied by hand to the surface of the soil near the brush. 
Several new, pre-emergence herbicides for use in cornfields have 
been developed and tested. Although they are slightly more expensive 
than post-emergence sprays of 2,4-D, their use should eliminate any 
hazard from drifting vapor or mist. If possible, substitute one of these 
newer herbicides for 2,4-D if you want to spray weeds in cornfields 
adjoining sensitive crops. For information concerning these chemicals, 
write to the Department of Agronomy, University of Illinois, and ask 
for mimeographed leaflet AG 1816. 
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How to Recognize 2,4-D Injury 
If you find the following symptoms or conditions, you can suspect that your 
plants have been injured by 2,4-D. 
1. Fan-shaped leaves with wavy or curled margins and prominent veins 
tending to be parallel to one another. Look for these symptoms in all8 plants in the area you suspect has been contaminated with 2,4-D and 
look for them especially in wild and cultivated grapes because these 
plants are very sensitive to 2,4-D. 
In young trees2. Drooping leaves in the tip growth of tomato plants. 
The storage 
and shrubs such as box elder, birch, redbud, and grapes, look at the tips 
of the branches. If 2,4-D has injured them, they will appear to be stretch­
In the plan ing out to an abnormally long length. 
and dining­ 3. Look at all the susceptible plants in the affected area. Practically 
wall betwee all of them should show symptoms 1 and 2.
takes up ve 
Some of the symptoms of 2,4-D injury can be confused with those of 
important infectious diseases of the crop. There are times, therefore, when 
to get a positive diagnosis of 2,4-D injury, you may need the help of 
some one who is familiar with both symptoms of disease and of 2,4-D 
injury. 
\(ITC~ 
This c ircular was prepared by M. B. LINN, Professor of Plant 
Pathology, F. W . SLI FE, Associate Professor of Crop Production , and 
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